Introduction
T he M editerran ean w ater shrew N eom ys anom alus C a b rera , 1907 and European water shrew N. fodiens (Pennant, 1771) (Soricidae, Insectivora) are adapted to the semiaquatic way o f life. Their biology and ecology are very similar.
*The experim ental part o f the study w as done in the W ildlife-E co-E thology R esearch G rou p o f U niversity o f O snabrück, Germ any. [351] Both shrew species inhabit banks o f running and stagnant waters (both mountain and lowland), marshy meadows, and alder swamps (Dehnel 1950 , Pucek 1984 , Spitzenberger 1990 ). Moreover, their sym patric (Dehnel 1950 , Borowski and Dehnel 1952 , Aulak 1970 and syntopic (Dehnel 1950 , Niethammer 1977 , Spitzenberger 1980 , Krystufek and Petkovski 1989 co-existence was repeatedly reported. Thus, similarly to other syntopic shrews (Croin Michielsen 1966 , Hawes 1977 , French 1984 , Neet 1989 , Kirkland 1991 , these two species may compete for both life space and food resources at places o f their co-existence.
In the shrew communities the differentiation of trophic niches is usually based on differences in body size (which cause the differentiation o f diets as to size o f preys), differences in m orphological adaptations and m icrohabitat selection (Kirkland and Van Deusen 1979 , Saarikko 1989 , Neet and Hausser 1990 , Kirkland 1991 , Fox and Kirkland 1992 , Churchfield and Sheftel 1994 , Sheftel 1994 . The average body mass of N. fodiens is 16.4 g, and that o f N. anomalus is 10.9 g (Innes 1994 ). Such a difference in body size suggests greater abilities of N. fodiens to root in soil or hunt large prey, and stronger abilities o f N. anomalus to climb plants and other objects. Better morphological adaptations to the semiaquatic way o f life iniV. fodiens than in N. anomalus (Pucek 1984 , Spitzenberger 1990 ) suggest better abilities o f N. fodiens to swim and dive. Certain interspecific differences in foraging mode and microhabitat o f foraging are predicted therefore. Though most Soricidae investigated up to now are insectivorous generalists (Churchfield 1990 , 1994 , Churchfield and Sheftel 1994 , these two species may also differ as to their prey preferences. Finally, they may forage during different periods o f the day and night. According to Saarikko (1989) each o f these mechanisms would diminish the competition for food. In shrews this diminishing lies most frequently in vertical separation o f foraging sites (Croin Michielsen 1966 , Pernetta 1976a , Grainger and Fairley 1978 , Terry 1981 , Yoshino and Abe 1984 , Ellenbroek 1990 , Churchfield 1991 , Churchfield and Sheftel 1994 . The diet and foraging behaviour are in close connection with one another, because often body size as well as anatomical, physiological and behavioural adaptations of a predator determine which prey and in which habitat they can be caught (eg Churchfield and Sheftel 1994) .
Foraging behaviour and food preferences o f N. fodiens have been investigated for a long time, repeatedly and are relatively well-known. There were many field methods used: (1) observation of animals hunting in the wild (eg Sawyer 1946 , Brewster 1966 , Schloeth 1980 , Illing ei al. 1981 , (2) examination o f so called "feeding trays" with prey remains (Buchalczyk and Pucek 1963 , W olk 1976 , Kraft and Pleyer 1978 , (3) investigation o f stomach and guts contents (Niethammer 1977 , Illing et al. 1981 , Kuvikova 1985b , Castien 1995 , (4) study o f food remains in faeces (Churchfield 1979 , DuPasquier and Cantoni 1992 ; as well as laboratory methods: (5) observation of captive animals (eg Tupikova 1949 , Lorenz 1952 , Cranbrook 1959 , (6) examination o f food preferences in so called "cafeteria tests" (Hawkins and Jewell 1962, Churchfield 1985) and (7) experi m ental investigations o f foraging behaviour (Ruthardt and Schropfer 1985 , R uthardt 1990 , K öhler 1993 ). All these studies dem onstrate clearly that N. fodiens are perfectly adapted to forage under water and that a great part o f their trophic niche includes typical aquatic prey.
N. anomalus is a species poorly investigated in many respects. Reliable data on its diet, foraging behaviour and microhabitat o f foraging are very scarce (N ietham m er 1977 , Kuvikova 1985a , Ramalhinho 1995 . Opinions about its feeding on aquatic prey, which are frequently presented in books, are insufficiently evidenced. Niethammer (1978) suggests that N. anomalus catch prey from the stream in sites o f poor flow. But till now, nobody observed behaviour, sites o f foraging in N. anomalus or tested their abilities to take food from under water.
Therefore, the aims o f this study were to investigate in N. anom alus: (1) foraging behaviour and efficiency on land and in water (testing hypothesis 1: N. anom alus forage with low efficiency in deep water); (2) relationships between these aspects o f foraging and changes (simulated by different variants o f ex perim ent) in food availability and distribution on land and in water, as well as the degree o f structural differentiation of a site where shrews search for food; and (3) to compare these aspects o f foraging in N. anomalus and N. fodiens (hypothesis 2: N. anomalus forage in deep water much less efficiently than N. fodiens).
This study was m ainly focused on investigation of the mechanisms which determine the behaviour o f the two water shrew species, and less on description o f natural behaviour o f animals living in the wild. However, it was assumed that on the basis o f the results obtained here (objective 4) it would be possible to infer the degree o f overlap o f the trophic niches of N. anomalus and N. fodiens in the wild, and thereby, about the intensity o f competition between them (hypothesis 3: interspecific differences in foraging behaviour and microhabitat diminish the competition for food). Therefore, the published data on feeding habits o f the two water shrew species were incorporated in this fourth objective.
Material and methods
Experim ents were carried out on 7 N. anom alus (6 males and 1 fem ale) and 5 N. fodiens (3 m ales and 2 fem ales). Anim als were trapped in the Białowieża Prim eval Forest and kept for 2 weeks to 4 m onths in the laboratory o f the M amm al Research Institute PAS (M RI) in Białowieża. Each shrew was kept in a separate cage and fed ad libitum on minced flesh o f the forest bison, cow's m ilk and water. Next, the anim als w ere transported from Białowieża (Poland) to Osnabrück (Germ any). More inform ation on keeping conditions in MRI and transporting o f anim als are reported by Rychlik (1995) .
ln Osnabrück, shrew s w ere kept in an indoor animal pavilion. Each shrew w as placed in a separate terrarium o f size 80 x 40 x 40 cm. The bedding o f the terrarium was com posed o f a m ixture o f sand and soil, in proportion 1:2 and o f thickness ca 10 cm. This enabled anim als to burrow underground tunnels and to keep their fur in good condition. On this bedding, natural litter from deciduous wood, moss, turfs o f grass, stones, and cuttings o f cotton fibres were placed. In each terrarium there was a basin (30 x 20 x 12 cm) with w ater 10 cm deep and 2 n est boxes (flower pots) filled w ith moss and cotton cuttings. W ater in the basins w as replaced every 1 -2 weeks, and bedding and moss were replaced every 3 -4 months, according to dirtiness. The tem perature in the anim als' room w as 1 8 -2 0°C and h u m idity w as kept at ca 80% . An a rtificial ligh t-d a rk n ess cycle was m aintained autom atically with the following schedules: in w inter -14 h o f darkness, 9 h o f light, 0.5 h o f dusk before and 0.5 h after the light phase; in summ er -10 h o f darkness, 13 h o f light, and two 0.5-hour-periods o f dusk between the dark and light phases. The changes from the sum m er schedule into the w inter one (in N ovem ber) and opposite (in April) were done gradually w ith in 2 w eeks, by changing the starting tim e o f the light phase. The dark phase started always at 15.30.
Shrew s w ere fed ad libitum w ith the "non-test food" . Daily servings consisted o f dried inver tebrates (com m ercial food for insectivorous birds "W ald-Vogelfuter") and, served alternately, minced flesh o f the forest bison or 1-day-old chickens or juvenile laboratory mice. Cow 's m ilk and w ater were offered as drink. Every few w eeks hard-boiled hens' eggs and every 2 -3 m onths pulp o f ox-liver and sea fish were also given. This secured the highest possible diversity o f diet. Food and m ilk w ere served once a day, usually between 12.00 and 14.00. On days when tests were carried out, the "test food" (see below ) collected after the experim ent was also given at ca 23.00. The quantity o f the test food given was dependent on how m any food portions were left after a given test. U sually, there w ere 5 -1 0 food portions per each shrew rem aining in the anim al pavilion.
Before the actual experim ents, shrews w ere used in the piloting tests (Rychlik 1995) , during w hich the non-test food was offered. Data from these tests are not included in the results.
Experimental procedure
The tests w ere carried ou t in the laboratory in tem perature from ca 18°C in w inter to ca 24"C in sum m er. An artificial light-darkness cycle was m aintained. The dark phase started alw ays at 15.30 and lasted 10 h in sum m er and 14 h in winter. However, light was also turned on between 22.00 and 22.40 in order to describe the results o f foraging and collect the food portions rem aining after each test. Each test started at 16.00, ie in the beginning o f increased activity o f shrew s w hich occur in evening in the wild (Buchalczyk 1972) . The set o f two connected, n est and experim ental, terraria was used.
The nest terrarium (NT) was a glass container o f the size 100 x 50 x 90 cm with an open top ( Fig. 1) . A mixture of sand and soil, in proportion 1:2 and o f thickness ca 35 cm com posed the bedding. A h a lf o f slit ebonite tube (4 cm diam eter, 25 cm long) w as buried at a depth of ca 15 cm and adhered to the front wall. The inside o f the tube (adhering to the front watl) was covered from outside with a dark piece o f m ovable cordboard. This allowed observation o f anim als. The nest box (flow er pot filled w ith m oss and cotton cuttings) was placed on the surface. There were a few stones and som e cotton cuttings covered with a large piece of bark in the NT. A fter each test, the non-test food was placed under this cover. There w as a slit (5 x 35 cm) in the right wall o f the NT, which w as closed with a rem ovable wooden door. The slit made the passage between the NT and experim ental terrarium . A lamp w ith a bulb o f 75 W w as installed above the NT. It w as connected to an autom atic clock which m aintained such a light-darkness schedule as was set during a given period in the anim al pavilion (ie it w as different in w inter and summer).
T he experim ental terrarium (ET) was a container o f the size 300 x 90 x 100 cm w ith an open top, m ade o f steel, glass and plexiglass ( Fig. 1 ). There were terrestrial and aquatic parts, each 25 cm wide, in the ET. The bedding o f the terrestrial part was com posed o f a m ixture o f sand and soil o f thickness ca 15 cm. M ixture o f gravel (diam eter o f granules 0 .2 -10 m m ) and small stones, o f thickness from 2 to 20 cm, strewed the bottom o f the aquatic part. The bank was m ade o f a vertical concrete wall with many irregularities, asperities and em bedded stones, which facilitated shrews to exit from w ater onto the land. The depth o f w ater was from ca 10 cm near the N T to ca 28 cm on the opposite end o f the ET. The w ater was m aintained by a pum p in constant closed circulation. It flowed w ith a speed o f ca 50 cm /m in in the direction going away from the NT. Before being re-pum ped into the ET, w ater was filtered because, according to Lorenz (1952) , clear water is necessary to keep water shrew s' fur in good con dition. U sing th erm ostat and w arm ing-cooling aggregate (brand "C otora-Tauchkiihler"), w ater tem perature was maintained at ca 15"C in all tests. In the aquatic part there were 3 "shallow s" made o f ebonite, stone and brick, respectively (Fig. 2) . These structures partly protruded from the water, and thereby for shrew s, they w ere suitable places for drinking and starting, stopping or interrupting a swim. In the terrestrial part there were 3 hiding-places made o f bark or stones, adhering to the back wall o f the ET (Fig. 2) . Besides these basic structures, the follow ing natural structures were placed in the ET (in E, D and W experim ental variants; see Table 2a ); in the terrestrial part -2 bush roots (instead o f the second and third hiding-places), sticks, stones, lea f litter, leaves, and turfs o f live grass', in the aquatic part -stones, parts o f aquatic plants and pieces o f wood as well as the fourth "shallow " (a n ebonite s h e lf hung in half-distance between the second and third "shallow s"). The connection betw een the N T and ET was so wide that the w ater shrews could enter the E T directly to either the terrestrial or aquatic parts ( Fig. 1) , The w hole o f the ET was divided into transverse 10-cm -wide sectors m arked outside (Fig. 2) .
In all variants, cubes o f pig's heart m uscle (always new in each test) w ere given as the test food.
One and a h a lf hours before each test the test food w as prepared; big (ca 1 cm 3 o f volum e and ca 1.3 g o f w eigh t) and sm a ll (0.15 cm 3 and 0.2 g) portion s o f m eat. In va ria n ts A, B, E (cum ulative distribution o f food) m eat w as placed on trays which were sunk into the bedding in such a way that they did n ot protrude over the surface ( 
Experim ental variants
In order to study the influence o f changes in food availability and habitat structure on foraging o f w ater shrew s on land and in w ater, th e following factors w ere m anipulated: (1) placem ent of food -j on land or u nder w ater, (2) habitat structure > natural structures or lack o f structures, (3) distribution o f food -» cum ulative or random ly dispersed, (4) quantity o f food -» m any or few, (5) size o f food portions -> big or small.
Six experim ental variants w ere established (Table 2a; N um ber and biom ass o f all food portions, num bers o f big and small portions, and aggregation indexes in particular variants were chosen according to the field studies o f terrestrial and aquatic invertebrates carried out by Ruthardt (1990) as w ell as som e oth er field studies (Churchfield 1984 , D uP asqu ier and Cantoni 1992 . The finding that a m inim um quantity of insect food eaten by one N. fodiens du rin g 24 h is 11 g (H aw kins and Jew ell 1962), ie 2.75 g/6 h, was also useful. The aggregation index was calculated according to the formula: DI = s 2/x, where x is average num ber o f prey (or food portions) in a sample, and .s2 is variance from n samples (Schw erdtfeger 1979 (Schw erdtfeger cit. in R uthardt 1990 . The higher the D l value, the more cumulated in space the food was. The food finding w as scored as successful when the shrew took or m anipulated big or sm all food portions, and as lack o f success when the shrew neither took nor m anipulated any food portion. A lack o f success was scored also when the shrew visited an empty food-point, ie food-point from which all food portions w ere already taken.
Data of Ruthardt (1990)
In this study the processed data taken from the paper by Ruthardt (1990) were used in order to obtain a m ore com plete picture o f interspecific differences. In her tests on 4 individuals o f N. fodiens, R uth ardt m aintained the sam e procedural conditions with the follow ing exceptions: (1) in most variants (except B and P) N. fodiens were tested not for 3 days, but for 4 days and 6 h per day; (2) after each test anim als were brought back to their terraria in the anim al pavilion, and not kept in the N T for 3 days; (3) N. fodiens were tested in different sequence o f variants: A , B, D, E and F; (4) shrew s w ere add ition ally tested in variants P and C (see Table 2b 
Organization and analysis of data
The com puter program "M artm enu" (Ruthardt 1990 in variant A du ration o f tim e spent by seven N. anom alus in the terrarium ET were (on average for 3 days): 1995.3, 934.7, 4336.0, 328.0, 751.3, 2015.0 and 2166.3 
Variants
Results

F o r a g i n g o f N e o m y s a n o m a lu s
Foraging behaviour
Presence o f natural structures (variants E and D) caused N. anomalus to spend significantly more time in the terrarium ET than in variants without natural structures (A, B, F, and W ) (W ilcoxon test: Z = 2.02 to 2.20, p < 0.05). Shrews m ainly stayed in hiding-places (Fig. 3) . Time spent in hiding-places was also significantly longer in variants E and D than in A, B, F, and W (Z = 1.99 to 2.23, p < 0.05), with an exception o f difference between E and F. Duration of foraging on land and rooting in soil increased then too, especially in variant E, in which duration o f foraging on land was significantly longer than in variant F (Z = 2.02, p < 0.05). On the other hand, in the presence of natural structures, duration o f foragin g under w ater decreased considerably (in variants E and D it was significantly shorter than in A; Z = 2.03 and 2.02 respectively, p < 0. Results obtained in variant W (food in high quantity, cumulated, but placed only under water) differ from the above picture. Total time spent by N. anomalus in the ET in variant W ( Fig. 3 ; Terrarium ET) was longer than in other variants without natural structures, ie A, B, F (difference between variants W and B was Table 2 for m ore explanations. Note! In Figs 3 -6 , varian t A shows the average results obtained on 2 N. fod ien s individuals tested during this study and 4 tested by Ruthardt (1990) , varian t W -on 5 N. fodiens tested during this study, and the rem aining variants -on 3 or 4 N. fodiens tested by R uthardt (1990). significant; Z = 2.02, p < 0.05). At the same time, duration o f foraging on land w as the longest (difference between variants W and B, and W and F were significant; Z = 2.02, p < 0.05). Also duration o f rooting in soil was the longest in variant W. In contrast, time spent in hiding-places was the shortest (differences between variants W and E, and W and D were significant; Z = 2.02 and 2.23 respectively, p < 0.05). This means that in variant W N. anomalus did not linger in hiding-places but they intensified foraging on land. However, they did not intensify foraging in and under water, despite o f a high abundance o f food placed there.
Total duration o f rooting in grass was quite long (ca 1 h in variant E and ca 0.5 h in D; Fig. 3 ). Sometimes shrews prepared temporal nests in grass and rested there. Although this is included in the activity of rooting in grass, such a result may suggest the natural tendency o f N. anomalus to searching for food among terrestrial plants and their roots.
In N. anomalus rooting in soil consisted almost always in digging o f shallow holes. Rarely the holes were so large that the shrew could enter it. But a longer tunnel was never created in the ET.
Foraging success
In all experimental variants N. anomalus found no or almost no food portion placed under water, while they foraged on land quite successfully (Fig. 4) . Their foraging success on land was higher when natural structures were present in the terrarium ET (variants E and D) than when they were absent (variants A, B and F). All differences were significant (Wilcoxon test: Z = 2.02 to 2.20, p < 0.05), except difference between variants F and D (Fig. 4) . Success reached 7 0 -8 0 % o f food portions found from all portions placed on land. Cumulative distribution of food (variant E) resulted in lower (though statistically insignificant) success than dispersed distribution (variant D). Under lack o f natural structures the opposite tendency was observed: N. anomalus found proportionally more food portions when food was cumulated on land (43.3% o f food portions given in variant A and 41.6% in B) than when food was randomly dispersed (33.7% in variant F) (though these differences were also statistically insignificant). Although the number of food portions given on land was in variant B ca three times lower than in other variants, the percent o f food portions found by N. anomalus in this variant remained low (41.6%).
On land N. anomalus always found proportionally more big than small food portions (Fig. 5) , with an exception o f variant A. These differences were significant in variants B, F and E (Wilcoxon test: Z = 2.02, p < 0.05). Whereas, all food portions found by N. anomalus under water (in variants A, F and E) w ere small. But there were very few o f them.
Because N. anomalus did not take food under water results o f variant W were omitted in further analysis o f foraging success. In N. anomalus foraging efficiency was the highest (ie time needed to find 1 food portion was the shortest; Fig. 6 ) in variant D with most natural conditions, and it was the lowest when there were few, cumulated food items on land and no natural structures (variant B).
Generally, foraging efficiency was higher in the presence o f natural structures (variants E and D) than in their absence (variants A, B and F). Differences were significant between D and B, D and F, and E and B (Wilcoxon test: Z = 2.02, p < 0.05). The distribution o f food also had an important influence on foraging efficiency because, both in presence (variants E and D) and absence (variants A, B and F) o f natural structures, the foraging efficiency was significantly higher when food on land was dispersed, ie in variants F and D (Z -2.02 and p < 0.05 for differences between E and D, and B and F). The lack o f a significant difference between variants A and B (Fig. 6) suggests that the total quantity of food on land had no decisive influence on foraging efficiency. Thus, foraging efficiency o f N. anomalus was first o f all influenced by food distribution, and next by presence or lack o f natural structures. Variants Fig. 5 . Percentage-ratio o f the average num ber of big and small food portions found by Neom ys anom alus and N. fodiens to the num ber o f food portions placed in the terrarium ET, separately for the terrestrial (Land) and aquatic (W ater) parts. Significant interspecific differences ip < 0.05, W ilcoxon test) between the percentage o f big vs small food portions found w ere marked by asterisks. Note! A food portion found, but not taken im m ediately from the given food-point, could be found again in w hat w as classified as another success. Therefore, total success could exceed 100% as is indicated by the height o f standard deviations. See Fig. 3 for more explanations.
Distributions o f N. anomalus foraging success in time of 24 quarters o f test duration as well as in three 2-hour-periods were compared in Fig. 7 . The time was recorded starting from the first entrance to the ET by each shrew. Foraging success in each succeeding quarter is presented as percentage o f the total number o f food portions found during all quarters in a given variant.
In all 5 variants N. anomalus found most food during the first quarter after entering the terrarium ET. This indicates that presence or lack o f natural structures as well as changes in distribution and quantity of food given to them did not hinder their foraging and defer the first finding of food. quarters shrews found successively fewer food portions. Hence, they usually found most o f the food in the first 2-hour-period o f foraging and least in the third period. D ifferences betw een variants in distributions o f foraging success during 24 quarters were not significant (Kolmogorov-Smirnov test: p > 0.05). However, in variants with natural structures {E and D) shrews found food more steadily in time, whereas in variants without structures (A, B and F) most o f all at the beginning o f foraging. The distribution o f food did not influence the success distribution during 24 quarters o f foraging by N. anomalus (differences between variants A and F, and E and D are insignificant). The reduction o f food quantity on land, with other conditions unchanged, also did not cause significant change in the success distribution in time, accessed in the whole foraging period (difference between variants B and A was insignificant).
However, some differences between variants were significant when distri butions o f success in time were compared in three 2-hour-periods:
(1) In the 1st period, the success distribution in variant B (few and cumulated food, lack o f structures) was significantly different (Kolmogorov-Smirnov test: D = 0.63, p < 0.05) from variant E (many and cumulated food, natural structures). This difference is due to fact that in variant B shrews found lots of food during the first quarter, and few during next seven quarters, whereas in variant E the difference between the first and next seven quarters was low. (2) In the 2nd period, the success distribution in variant B was significantly different from variants A (many and cumulated food, lack of structures; D = 0.63, p < 0.05) and D (m any and randomly dispersed food, natural structures; D = 0.75, p < 0.01). In the 2nd period N. anomalus found less food in variant B than in variants A and D.
(3) In the 3rd period, the success distribution in variant F (many and dispersed food, lack o f structures) was significantly different from variant E (many and cumulated food, natural structures; D = 0.63, p < 0.05). In the 3rd period shrews found less food in variant F than in variant E (Fig. 7) .
Thus, distribution in time of foraging success in N. anomalus was significantly influenced by quantity o f food portions given on land. Under low quantity, most o f them were found during the first phase of foraging. The presence of natural structures was also important because they lead to N. anomalus finding many food portions also during the 2nd and 3rd periods of foraging. The food distribution did not significantly influence the distribution in time of foraging success.
Recapitulation
(1) N. anom alus did not take food placed > 10 cm under water, although they swam and dived. When there was no food on land, N. anomalus intensified foraging on land but not foraging in water. They always foraged longer on land than in water. Under water they foraged very briefly. These results indicate a very poor ability o f N. anom alus to forage in deep water.
(2) The presence o f natural structures caused prolongation o f duration o f most behaviours on land and increased foraging success and efficiency.
(3) The distribution of food on land also influenced duration o f some behaviours and foragin g efficiency o f N. anom alus. Random dispersion o f food (which simulated the natural situation) caused increase o f foraging efficiency.
(4) Reduction o f food quantity on land shortened duration o f foraging and other behaviours as well as decreased foraging success.
(5) N. anom alus found proportionally more big than small food portions. W ith the exception o f variants A and W , the number o f N. fodiens individuals tested was too small (3 or 4) for interspecific differences to be statistically significant.
Foraging behaviour
In all variants (except F), N. fodiens foraged in and under water longer than N. anom alus (Fig. 3) . In variant W these differences were significant (Wilcoxon test: Z = 2.02, p < 0.05). This means that foraging in and under water were not only forced by the lack o f food on land (in variant W), but N. fodiens displayed such a tendency under all experimental conditions. This is especially true for variant D with most natural conditions. In contrast, N. anomalus did not forage under water at all in variant D.
N. fodiens spent a short time on rooting in grass in all three variants (E, D and G), whereas N. anomalus rooted in grass considerably longer in both variants E and D. In N. fodiens results obtained in variants with natural structures differ little from results obtained under lack o f structures. This is true for most categories o f behaviour. W hereas in N. anomalus such differences are clear. This allows to conclude that N. fodiens is less influenced by structural changes in environment than is N. anomalus.
N. fodiens rooted in soil more than N. anomalus. Though the differences were insignificant statistically (too small sample size for N. fodiens), the tendency is visible in all variants, except B, W and C.
In both shrew species and in all variants, duration of foraging on land was longer than in water (Fig. 3) . However, if proportion o f duration of foraging on land to duration o f foraging in water in N. fodiens was (on average for 9 variants) ca 3.3 (from 1.4 in variant A to 8.7 in G), the same proportion in N. anomalus was (on average for 6 variants) as high as 10.5 (from 5.3 in A to 22.0 in W). The difference between average proportions is significant (Wilcoxon test: Z -2.02, p < 0.03). This indicates that the preference to forage on land is stronger in N. anomalus than in N. fodiens.
Foraging success
The differences in behaviour had their reflection in differences in foraging success (Fig. 4) , First, in all variants N. fodiens found more food under water than N. anomalus. This difference is especially clear in variant W (no food on land; W ilcoxon test: Z = 2.20, p < 0.05) and in variant D (most natural conditions). N. fodiens found, on average, 19.4% o f food portions placed under water in variant W and 17.7% in D, whereas N. anomalus did not find food under water at all in these variants. Second, the presence o f natural structures increased the foraging success on land to the higher degree in N. anomalus than in N. fodiens.
On the other hand, both species found always more food on land than in water. This difference is significant in N. anomalus in all variants and in N. fodiens in variant A (Z = 2.02 to 2.37, p < 0.05).
Similarly to N. anomalus, N. fodiens found on land proportionally more big than small food portions (Fig. 5) , with an exception o f variants with natural structures (E, D and G). The results were quite opposite in variants D and G, in which instead o f pieces o f meat, live invertebrates were offered to N. fodiens. In these variants earth-worms were given as big prey and meal-worm larvae as small prey. In variants D and G earth-worms (which also in the wild are reluctantly eaten by N. fodiens -eg Churchfield 1985) were taken proportionally less fre quently than meal-worm larvae. Thus, not size but quality of prey could influence th ese results. In variant E (many and cum ulated food, natural structures) N. fodiens found big and small meat portions in equal proportions, whereas N. anomalus clearly preferred big portions.
N. fodiens found under water always proportionally more big than small food portions (Fig. 5) . This difference is statistically significant in variant W (W ilcoxon test Z = 2.02, p < 0.05). Whereas all food portions which N. anomalus found under water (variants A, F and E) were small. But the total number o f these food portions was too low to state decisively that the two shrew species display different preferences as to size o f prey caught under water.
In two variants with cumulated food and lack o f natural structures (A and B) the foraging efficiency on land was lower in N. anomalus than in N. fodiens (insignificant differences). In the remaining variants efficiency was similar in the two species (Fig. 6) . Thus, is seems that the presence o f natural structures did not influence the foraging efficiency o f N. fodiens as clearly as in N. anomalus. On the other hand, sim ilarly as in N. anomalus, the foraging efficiency o f N. fodiens on land tended to be higher when food was randomly dispersed on land (in variants F and D) than when it was cumulated (remaining variants): under lack o f natural structures the efficiency in variant F was higher than in variants A, E, and P; under presence of natural structures the efficiency in variant D was higher than in variants E and G. Results of foraging success (Fig. 4) obtained under lack o f natural structures are conformable to this tendency: foraging success o f N fodiens on land was higher when food was randomly dispersed (variant F) thar. when food was cumulated on land (variants A, B, P).
Recapitulation
(1) Rarely did N. anomalus find food under water in all 6 variants, whereas N. fodiens found and took food under water in 8 from 9 variants. In variant D (moit natural conditions) and W (food only under water) they did this with high effic.ency.
(") N. anomalus foraged in and under water less than N. fodiens.
In the two species and in all variants, duration and success o f foraging on land were considerably longer and higher than in water.
(4) The influence o f habitat conditions on foraging behaviour and success was stronger in N. anomalus than N. fodiens. Presence o f natural structures increased forafing success and efficiency.
(f) Both species preferred big over small food portions.
Discussion
Ii this study the method o f laboratory experiment was chosen because: (1) it alloved the exact control o f conditions in each repetition o f tests; (2) it enabled the easy m anipulations of such factors as placem ent o f food, structures in terrcrium, distribution, quantity and size o f food portions given; (3) video-recording secured the repeatable and exact analysis o f each event. Similar observations in the wild would be impossible.
High individual variation in behaviour o f tested shrews caused high standard deviations to accompany the average results obtained. Statistical insignificance of m any (apparently considerable) intra-and interspecific differences corresponds with this fact. The variation could result from different sexes, stages of sexual activity, and duration o f keeping in captivity of different animals. High individual variation o f shrew behaviour was emphasized by Crowcroft (1955 Crowcroft ( , 1957 . In a study o f foraging behaviour in Sorex araneus, Churchfield (1980) could not carry out the statistical analysis because of intra-and interindividual variation. Due to the same cause, Ruthardt (1990) did not average results but she analyzed the foraging o f each N. fodiens individual separately. Köhler (1993 Köhler ( , 1996 also found high individual variation of behaviour and learning abilities in the same species. But on the other hand, many important differences found in my study were statistically significant. Additionally, many o f my results display conformable tendencies. This indicates the reliability of the results obtained in this study.
Foraging o f Neomys anomalus in the experim ent
The present tests proved that N. anomalus foraged briefly in and under water and that they did not take food placed > 10 cm under water surface. However, they foraged long and su ccessfu lly on land, esp ecially under sem i-natural conditions. Similar results were obtained in the group experiment (L. Rychlik, in prep.) in which a group o f 4 N. anomalus shrews was placed simultaneously in the set o f the NT and the ET terraria and tested in variants A, D and W. Also under these conditions N. anomalus did not take any food portion under water, but they took 100% of food placed on land.
These results are in variance with common opinions (eg Gureev 1971 , 1979 , G om er and Hackethal 1987 as well as results of Kuvikova (1987) and especially Nietham m er (1977, 1978) , according to which at least part o f diet o f N. anomalus is composed of aquatic animals. Thus, one could suggest that some errors in the method o f animal keeping or experimental procedure were committed and they determined such results. However, under the same conditions N. fodiens m ain tained an equally good physical condition and state o f fur, they intensively dived and took food placed under water. This means that (1) the way o f keeping animals in captivity did not lead to loss o f abilities o f diving and swimming or cause them to forget underwater foraging; (2) kind and quantity o f food as well as conditions and duration o f one test (6 h) were fitted in such a way that animals which possessed the ability to forage in deep water displayed this ability. Therefore, it seems that methods o f this study were well-chosen and results obtained are a reliable reflection o f foraging o f N. anomalus. Hence, these results suggest that in the wild N. anomalus really do not forage under water, at least not at depth o f more than 10 cm. N. anom alus successfully foraged on land and displayed a strong tendency to root in soil and grass. Yoshino and Abe (1984) distinguished in shrews two modes o f rooting: (1) surface digging for prey being shallow deep in the ground by shrews rem aining on the surface, (2) burrowing for prey which are deep in the soil. In the present study, the behaviour similar to the first mode was observed in N. anom alus that suggests that they are able to find food in this way also in the wild. According to Churchfield and Sheftel (1994) , in shrews the ability to such a foraging mode increases with size o f their body: among 8 species o f shrews co-existing on the River Yenisei, the largest Sorex roboratus (13.0 g) and S. isodon (13.5 g) dug out food from soil in the highest proportion. N. anomalus are large enough (mean body mass 10.9 g -Innes 1994 ; maximum 20.4 g -Pucek 1984 ) to get food in this way too, at least by surface digging. On the other hand, deep burrowing may not be advantageous because most soil invertebrates live in the top 5 cm of soil, as it was found for different habitats of the Siberian taiga (Churchfield et al. 1997 ). However, small Sorex minutus, observed in captivity, burrowed corridors rarely, whereas larger S. araneus, S. caecutiens and S. vir burrowed frequently and efficiently (Yudin 1962) .
Rooting in grass was sometimes a sign o f nest building behaviour because the preparation o f tem porary shelters in turfs o f grass in the ET, and resting in them, w ere observed in N. anomalus. But frequent taking o f food placed in grass and prolonged rooting o f N. anomalus in the under parts o f grass turfs were also observed. This suggests that in nature N. anomalus may forage among lower parts o f plants as roots and dead blades o f grasses and sedges. These sites are frequently inhabited by different invertebrates in great number (Churchfield 1993) .
Considering diets, habitat use, and the degree of anatomical and physiological adaptations, four main foraging modes were distinguished so far in shrews: epigeal, hypogeal, aquatic, and scansorial (Hutterer 1985 , Churchfield 1990 ). M any, esp ecia lly tem perate-zon e shrew s use two or m ore foragin g m odes (Churchfield 1990 (Churchfield , 1994 . Next, regarding body sizes of shrews and their prey, Churchfield and Sheftel (1994) divide Sorex shrews (foraging epi-and hypogeally) in 3 functional groups: (1) large shrews hunting mainly on large prey by digging out them from soil and litter, (2) small shrews hunting mainly on small prey exclusively on the ground surface and on plants (shrews o f these two groups show a tendency to trophic specialization and their trophic niches overlap to the little degree), (3) m edium -size shrews hunting on all prey and in all microhabitats (generalists with high overlap of trophic niches). It seems that N. anomalus are large enough to hunt large prey and they can successfully forage in terrestrial microhabitats, also in the way o f digging out prey from soil, roots and lower parts of plants. Thus, it can be concluded that A. anomalus belong to the first functional group and they forage in epigeal and hypogeal modes. Kuznetzov (1972) suggested that Crocidura suaveolens can inhabit only areas where their prey are evenly dispersed on the ground surface or in upper layers o f soil. Since foraging success in Sorex cinereus and Blarina brevicauda (Holling 1959) as well as in S. araneus (Churchfield 1980) increased with the increase of density o f dispersed prey, Churchfield (1980) concluded that these species search for prey using "random searching pattern". Later, this pattern was proved in S. araneus (Pierce 1987) . Finally, Churchfield (1990) wrote that all shrews, which forage epigeally, locate their prey in "a process o f random but thorough searching" o f a patch. In N. anomalus foraging success and efficiency on land were almost always higher in variants with randomly dispersed food on land than in those with cum ulated food. This suggests that also N. anomalus use the random searching pattern during foraging. This strategy of food searching is an adaptation to finding prey dispersed within a patch and to exploiting the food resources dispersed in the environment.
Based on the results o f the present study one should state that structural complexity o f habitat exerts a great influence on foraging o f N. anom alus in the wild. This is because, in the presence of natural structures in the ET, the foraging success and efficiency increased significantly, and duration o f some behaviours was prolonged. Though these results seem to be quite obvious, it is difficult to show mechanisms on which they are based.
C hurchfield (1993) suggests that shrews are able to learn about spatial distribution and abundance of prey within their home ranges. It was also found that shrews show the tendency to return to the same site if they have already found prey there before (Pernetta 1977 , Churchfield 1980 , Yoshino and Abe 1984 , Köhler 1993 . So, one can suppose that natural structures facilitate the memorization o f the w ay to food clumps previously located. Higher foraging success and efficiency in variant E (cumulated food and natural structures) than in A (cumulated food but lack o f structures) support such a supposition. But the equally high foraging efficiency in variant F (dispersed food and lack of structures) as in E raises doubts. It was shown above that N. anomalus probably search for food in randomly chosen sites. During this mode o f foraging, the ability to remember the w ay between some points or of their own position in an area does not seem to be necessary.
However, there are two other mechanisms which could allow natural structures to increase foraging success. First, the rich structural differentiation o f habitat may produce a stronger internal motivation, or may be a stronger external releaser for exploratory behaviour than the simple habitat. In variants with natural structures (E and D) the conditions were probably so attractive that N. anomalus spent a longer time in the ET, they foraged on land long and in almost all periods o f test duration. They also prepared new nests in grass or under roots. W hereas in variants without natural structures (A, B and F) N. anomalus spent a short time in the ET, foraged less on land, and the food they found usually was transported by them to the NT. The similar relationships were found in N. fodiens. Furthermore, the higher was the structural differentiation of a given stretch o f water bank, the longer N. fodiens foraged (Schröpfer 1985) , Thus, the significance o f natural structures as stimulants seems to be very probable.
Second, the natural structures used in these experiments could provide a sufficient safe cover encouraging N. anomalus to forage longer and with higher success. Examples o f foraging being more effective in covered than open places, or that open places are entirely omitted during foraging and other activities, are known from studies on different animals, also on small mammals (eg Bąkowski and Kozakiewicz 1988 , Kaufman and Kaufman 1990 , Clark and Kaufman 1991 . In shrews, utilization o f natural covers and shady places during foraging were described eg in Sorex palustris, S. cinereus (Conaway 1952 , Buckner 1970 ) and several Sorex species from Siberia (Yudin 1962) . N. anomalus are famous for their shyness, high excitability and susceptibility to stress of unknown surroundings (M ichalak 1982 , Krushinska and Pucek 1989 , Krushinska and Rychlik 1993 . In the present experim ents the following facts indicate that N. anom alus felt discom fort in uncovered sites: (1) in variants without natural structures their foraging on land consisted usually in short-term (a few seconds) and frequently interlaced with events o f ground investigations and staying in one o f the 3 hiding-places in the terrestrial part o f the ET, (2) N. anomalus rarely ate food where they found it. Usually they retreated to feed in the nest (in the terrarium N T), in hiding-places or under the cover of dense grass. This is a com m on characteristic o f predatory mammals, as well as shrews. For example, Sorex unguiculatus and S. caecutiens usually took the food they found to the shelter or the nest and then ate it there; only occasionally did they eat the food at the place w here they found it (Yoshino and Abe 1984). N. fodiens also ate most food in covered places (Schröpfer 1985 , present study). Therefore, it seems to be very probable that in variants E and D foraging duration and success of N. anomalus were long and high at least partly because o f safe conditions created by natural structures, and in remaining variants they were low because o f stress o f open field.
In all variants (except W ) N. anomalus found food as early as the first quarter after their entering the terrarium ET. This suggests that, regardless of changes used in particular variants, foraging on land never became too difficult for N. anomalus, detainnig them from the first location of food portions. However, when the quantity o f food placed on land was reduced (variant B), the foraging success o f N. anomalus was surprisingly low. It equaled 41.6% o f food portions found, although the probability o f finding 100% from 13 food portions given on land was higher than eg in variant D when 38 food portions were offered. Moreover, N. anom alus shortened foraging activity in the variant B. These results are consistent with findings on the susceptibility o f different Soricidae to short-term changes in food availability (Hanski 1985) : ju s t after the decrease o f food availability, the large shrews (to which N. anomalus can be included) reduce their activity, whereas small shrews intensify it. Hanski (1985) explains this by the fact that large shrews possess larger body energetic reserves and can wait through short periods o f difficult foraging (eg bad weather). Foraging in variant B was probably too difficult for N. anomalus (it had the lowest foraging efficiency in this variant) and they ceased it. The mechanisms o f foraging breaking and patch choosing are quite well-known in rodents (eg Brown 1988, Brown and Mitchell 1989) and they were also investigated in shrews [Hanski 1989 , (Landen 1989 ) cit. in Saarikko 1989 , Barnard and Brown 1985a , b, 1987 , Barnard eta l. 1985 . Usually the foraging in a given patch ceases when the food density within the patch decreases below a certain threshold called "the giving up density" . It was found that the level o f this threshold depends on current energy requirements and predictability of food resources within the patch (Barnard and Brown 1985a , Barnard et al. 1985 , presence o f competitors (Barnard and Brown 1985b) , habitat conditions (open or covered area) and predation risk (Brown 1988) , distance to the next food patch (Landen 1989), and individual variation (Hanski 1989).
Differences in foraging between N. anomalus and N. fodiens obtained in the present experiments
B ecause o f a sm all num ber o f N. fodiens tested by Ruthardt (1990 ) the interspecific differences shown in "Results" could not be supported statistically (with an exception o f variants A and W). Therefore, they will be discussed as tendencies which require a verification in future investigations o f a larger group o f shrews.
N. anomalus and N. fodiens displayed great differences in both behaviour and success o f foraging in water. N. fodiens significantly longer than N. anomalus foraged in and under water when food was available only under water (variant W). As a result, N. fodiens found on average 19.4% o f food portions placed under water, whereas N. anom alus did not find food at all under these conditions. N. fodiens foraged in w ater considerably longer and more successfully than N. anomalus also in all other variants. Resulting from these facts is the conclusion that N. fodiens forage in deep (> 10 cm) water (aquatic mode o f foraging) also in the wild. This conforms to the previous knowledge of their feeding habits.
According to the model o f foraging in a one-dimensional habitat (eg along water banks), anim als visit m any tim es the ample feeding grounds (ie with prey availability above certain threshold), and omit patches with prey availability below this threshold (Arditi and Dacorogna 1988) . The route taken by a semiaquatic predator during searches for aquatic prey should be composed o f long and straight travelling stretches along water banks, and relatively long stops in chosen patches. It was observed in the present tests that N. fodiens, after detection of a food clump under water, dived many times for successive food portions taken from the same site. N. fodiens observed in the wild (Schloeth 1980 , Illing et al. 1981 dived repeatedly in the same place o f the stream or river. Moreover, the results of Schropfer's (1985) laboratory experiments suggest that, in searching for good feeding grounds, these water shrews do not rummage through randomly visited sites, but they purposely search for sites with adequate water depth, steep slopes o f water-side, and water-bank line rich in structures and shelters. On the other hand, aquatic invertebrates which are food for N. fodiens are distributed in a cumulative way in fresh inland waters (eg Ruthardt 1990, DuPasquier and Cantoni 1992) . The same is true as to distribution o f fish-and frog-spawn, shoals o f fry, and tadpoles (L. Rychlik, pers. obser.) . All this leads to the conclusion that the strategy o f searching for aquatic prey in N. fodiens is consistent with the above mentioned model of foraging in one-dimensional habitat (Arditi and Dacorogna 1988) . This strategy is an adaptation to exploit clumped food resources and it is distinctly different from the strategy of the "random searching pattern" used in searching for dispersed terrestrial prey.
Both species o f water shrews foraged longer and more successfully on land than in water. When foraging on land, N. fodiens rooted in grass less than N. anomalus. This suggests that in the wild N. fodiens may search for food among terrestrial vegetation to the lower degree than N. anomalus. On the other hand, N. fodiens rooted in soil more than N. anomalus. Thus, it seems that N. fodiens may more successfully than N. anomalus dig out prey from the ground (hypogeal foraging). Since N. fodiens are larger than N. anomalus (Pucek 1984 , Innes 1994 , the last conclusion conforms to the rule presented by Churchfield and Sheftel (1994) that ability o f shrews to dig out food from the ground increases with the increase of shrews' body size.
Behaviour and success of foraging on land were in N. fodiens less influenced by natural structures than in N. anomalus. This result is in agreement with findings from Krushinska and Pucek (1989) who suggest higher resistance o f N. fodiens to the stress of open field. This resistance surely gives some advantages to animals, which during foraging, have to swim on the open water surface and cross over uncovered muddy beaches and islets which are frequent along eg little forest creeks. N. fodiens also live on mountain streams and rivers with banks strewn with stones, gravel and sand, but with poor vegetation (Spitzenberger 1980) . The weaker influence of terrestrial structures on foraging o f N. fodiens may also suggest that this species is adapted to forage mainly in such habitats where there are no terrestrial structures, ie in water. This is consistent with lower preference to forage on land in N. fodiens than in N. anomalus found in the present experiments.
Similarly to N. anomalus, the success and efficiency of foraging on land were in N. fodiens usually higher when food on land was randomly dispersed than when it was clumped. This suggests that during epigeal foraging N. fodiens also use random searching pattern. This discussion leads to the more general conclusion that both species can successfully use epigeal and probably hypogeal foraging modes, but only N. fodiens are able to forage in aquatic mode.
Published data on differences in foraging between N. anomalus and N. fodiens Many common opinions on N. anomalus [eg N. anomalus are everywhere connected to water and prefer fast-flowing, non-freezing water courses with steep rocky banks; their diet includes, among others, spawn, fish and frogs (Gureev 1971 (Gureev , 1979 ; or the food of N. anomalus comprises insects, snails, crustaceans, frog-spawn, fry, small fish, frogs, and worms (Gorner and Hackethal 1987) ] have little evidence. Reliable data on the diet o f N. anomalus are very scarce and lead to rather contradictory conclusions: the diet of N. anomalus may be composed mostly o f aquatic prey (up to 90%; Niethammer 1977 Niethammer , 1978 , mostly o f terrestrial prey (Kuvikova 1987) , or only o f terrestrial prey (Kuvikova 1985a , Ramalhinho 1995 .
N. anomalus caught live crustaceans of genera Gammarus and Asellus as well as sm all fish (sticklebacks, roaches) in containers with w ater 3.5 cm deep (Jancewicz 1995, Rychlik and Jancewicz 1996) . So, in these conditions, shrews did not have to dive for preys. In the wild N. anomalus ate few (much less than N. fodiens) larvae of Simuliidae and Ephemeroptera, which usually live under stones lying in sites with strong water flow (Niethammer 1977 (Niethammer , 1978 . Typical aquatic animals (Amphipoda, Isopoda, larvae o f Trichoptera, Plecoptera, and Odonata), found in the diet o f N. anomalus, can be caught in shallow water. N on -aqu atic but con n ected to wet habitat anim als (G astropoda, im ago of Trichoptera) could be caught during foraging along the water-line and/or in muddy and slimy grounds near natural waters. According to Niethammer (1977 Niethammer ( , 1978 , when the water level in streams was high, the proportion o f aquatic prey in the diet o f N. anomalus was lower. All this suggests that N. anomalus forage mainly in shallow water. On the other hand, there are at least several shrew species known, w hich forage in the wild, in shallows and in m uddy ground along bank-lines, but not in deep water. Spencer-Booth (1963) , Pernetta (1973) and Churchfield (1988 Churchfield ( , 1990 describe Crocidura suaveolens, and Stewart et al. (1989) -Sorex cinereus, which live on sea-shores, forage along water-line, and catch littoral Amphipoda. Cryptotis parva prey on Isopoda and mollusces (Hamilton 1944, Davis and Joeris 1945) , and Sorex bendirii on mollusces, ephemeropteran nymphs and insect larvae (W hitaker and Maser 1976) foraging on beaches and coastal salt-marshes. The foraging in shallow water (up to 5 cm, where active diving is not needed) and in slime and mud is not a typical aquatic mode o f foraging. Therefore, I propose to distinguish a new category: wading foraging mode. And hence, instead o f classifying N. anomalus as the species which use mainly aquatic foraging mode (Churchfield 1990) , N. anomalus (and other shrews foraging in this way) should be categorized to this new class. Thus, N. anomalus are able to use efficiently the wading, epigeal and probably hypogeal foraging, but not the aquatic foraging mode in deep water.
Presently, it is accepted that aquatic prey compose at least 50% of the diet o f N. fodiens (Niethammer 1978 , Churchfield 1984 , Kuvikova 1985b , DuPasquier and Cantoni 1992 , Castien 1995 . Their share may reach 95% of the diet (Niethammer 1978, DuPasquier and Cantoni 1992) . The high ability o f this species to forage in water is certified by many reports (Buchalczyk and Pucek 1963 , Pernetta 1976b , Wolk 1976 , Kraft and Pleyer 1978 , Illing et al. 1981 ) o f aquatic vertebrates in the diet o f wild N. fodiens. Their hunting on small fish were frequently observed in captivity (Lorenz 1952 , Cranbrook 1959 , Hawkins and Jewell 1962 , Schröpfer 1985 , Ruthardt and Schröpfer 1985 , Rychlik and Janeewicz 1996 .
N. fodiens prefer to forage in water not exceeding 30 cm o f depth (Lardet 1987, Vogel et al., in press ). Swimming and diving make only 5% of their daily activity (Illing ei al. 1981) . However, during foraging N. fodiens dive frequently and to the considerable depths. For example, wild shrews dived 75 times during 85 minutes to the depth o f 0 .5 -2 .0 m or 80 times during 24 minutes to the depth 30 cm (Schloeth 1980) . In captive N. fodiens, the mean number o f dives per day was 546, with maximum 890 dives. Mean catching success (number o f Gammarus sp. individuals caught per 1 dive) ranged under different experimental conditions between 0.44 and 1.40 (Vogel et al., in press ). These authors also tested the ability o f N. fodiens to diving in a transparent tube filled with water and placed at an angle 30 to horizon. N. fodiens dived to the depth o f 5.0 m (vertically ca 2.6 m), and, as the authors believe, this is not their physiological limit o f diving capacity. Although the average duration o f one stay under water is short: 4 s (Churchfield 1985) or 12 s (Vogel et al., in press), Schloeth (1980) observed in the wild, a N. fodiens which dived continuously for 24 s. While diving, N. fodiens are able to utilize (for breathing) air-bubbles located under leaves or other concave objects subm erged in water (P. Vogel, pers. comm.) . Ruthardt and Schröpfer (1985) described in N. fodiens two different strategies o f hunting under water according to prey type. Pelagic fish (sticklebacks, bleaks, Leucaspius delineatus) are caught by N. fodiens during straight-line swimming in upper and middle layers o f water. After a shoal of small fish is detected, N. fodiens make sudden movements o f head and bends o f body and they try to catch a fish by its tail or back. Whereas bottom fish (tenches, gudgeons) and benthic inverte brates are caught during "creeping" on the bottom and "feeling" it with their snout (in German: Gründeln). During this hunting, shrews frequently change direction o f movement and stop. They dig then with their snout and fore-feet at the bottom, squeeze under stones and other objects lying on the bottom, and turn them up. This results in thorough searching o f pond's bottom. The caught prey is always taken on land and eaten here. According to the same authors, during foraging in water, N. fodiens never search for and catch prey on the water surface, but always during diving under water. Ruthardt and Schröpfer (1985) report also that N. fodiens usually dived for 3 -6 s, and that their movement speeds were: on land -30 cm/s, swimming -40 cm/s, diving -50 cm/s.
Thus, wild N. fodiens hunt on many typical aquatic animals, also those living in water > 10 cm deep and far from banks. This, o f course, means that they use the aquatic foraging mode. Eating typical terrestrial prey (eg Coleóptera, Diplopoda) proves the usage o f the epigeal and hypogeal foragin g m odes. In fact, it was recently demonstrated on the basis o f diet composition that N. fodiens obtained ca 57% o f food from aquatic foraging, 27% was epigeal and 16% was hypogeal (Churchfield 1994) , However, the diet ofiV. fodiens also comprises many organisms living in wading zone. Therefore, N. fodiens also uses wading foraging mode.
Interspecific competition for food and microhabitat preferences
It was shown that, if geographic ranges, macrohabitat preferences and diets of some shrew species overlap, then these species prefer different microhabitats (Hawes 1977 , French 1984 , Neet 1989 , Neet and Hauser 1990 . For the two water shrew species, three m icrohabitats: deep water, wading zone and ground of terrestrial habitats neighbouring waters should be considered as the main potential sites o f foraging. D ifferences in foraging behaviour (found in the experiments) and, related to them, utilization o f partly different food resources should result in different microhabitat preferences. It can be proposed that: N. fodiens, being strongly dependent on aquatic prey, should prefer sites with direct access to deep water. N. anomaius, with reduced aquatic foraging ability and less dependent on typical aquatic prey, should prefer sites wet and with access to shallow water, but covered with dense vegetation (Fig. 8) .
There is evidence for such microhabitat preferences o f N. fodiens. Home ranges o f N. fodiens are usually established as narrow strips along waters suitable for diving (Illing et al. 1981 , van Bemmel and Voesenek 1984 , Lardet 1987 , 1988 , Cantoni 1990 . These shrews are active close by water (Lardet 1988), which is supported by the fact that 94% of them were trapped at the water's edge, and a rem aining 6% some 0.5 m from water (van Bemmel and Voesenek 1984) . Nietham m er (1977 Nietham m er ( , 1978 and Voesenek and van Bemmel (1984) found that dominating adult individuals o f N. fodiens displaced conspecific juveniles and individuals of N. anomaius from optimal places with diversified bank and access to deep (> 25 cm) water. This intra-and interspecific competition for direct access to deep water distinctly shows the strong microhabitat preferences o f N. fodiens.
Microhabitats preferred by Neomys fodiens
Som e inform ation on N. anomalies is also available. In Czech Republic, N. anomalus preferred moist and wet habitats (such as marshes, moist meadows, littoral zones o f fishponds, and alluvials of rivers and streams) with dense cover o f hygrophilous plants. They were trapped here 3 times more frequently than N. fodiens. On stream banks covered with dense vegetation the trapping ratio of the two species was similar. And along stream and river banks without sufficient vegetation cover N. anom alus were trapped 5 times less frequently than N. fodiens (Andera 1993 (Andera , 1995 . On banks o f the Neusiedler lake, N. fodiens occupied sites with access to open water, whereas N. anomalus used wet and periodically flooded sites (Bauer 1960 cit. in Spitzenberger 1990 ). In Portugal, N. anomalus preferred wet meadows with dense vegetation cover and most specimens were trapped at considerable distance from water. Moreover, no specimen was captured in the middle or on the border o f the water courses (Ramalhinho 1995 and pers. comm.) . These differences may result from the displacement of N. anomalus to suboptimal places (what was suggested by Niethammer 1977 Niethammer , 1978 , but they can also be an indication of natural m icrohabitat preferences of these species, which are unre lated to interspecific interactions. Although such preferences of N. anomalus as pro posed in Fig. 8 seem to be very possible, further extensive studies are still needed.
Extending their trophic niche to aquatic prey, N. fodiens can exploit the twice as large a biomass of food resources than Sorex araneus and S. minutus which foraging only on land. This doubtless diminishes the competition for food between these species (Churchfield 1984) . However, N. fodiens do not feed exclusively on aquatic prey due to high energetic costs o f their capturing and relatively low costs o f capturing of terrestrial prey (Churchfield 1985 , Spitzenberger 1990 . Therefore, for example, am ong shrews co-existing around water-cress beds in England, the diet o f N. fodiens still overlapped by 44% with S. araneus, and even by 36% with S. minutus (Churchfield 1984) , which are specialized in foraging on the ground surface and lower parts o f plants (Butterfield et al. 1981 , Ellenbroek 1990 .
On the other hand, the proportion of aquatic prey in the diet o f water shrews fluctuates considerably. The main factor causing these fluctuations are changes in availability o f aquatic and terrestrial prey. This statement is supported by the following observations: (1) aquatic prey composed more than 95% o f the diet o f N. fodiens in spring, when there were large clumps o f large prey in the river; (2) the proportion o f aquatic prey in the diet of N. fodiens was the lowest, and that o f terrestrial prey the highest in autumn, when the biomass and energetic contents o f benthic invertebrates were the lowest (DuPasquier and Cantoni 1992); (3) aquatic prey composed only 33% o f the diet, when only small aquatic inverte brates in small quantities were available (Churchfield 1984) . In the present study it was similar: N. fodiens took most food under water when its availability under water was the highest (variant D) and/or its availability on land was the lowest (variant W).
The other factor causing the fluctuations in diet is the pressure o f competitors. For example, under low pressure of terrestrial competitors N. fodiens should exploit more terrestrial food resources. It can be accepted that changes in the degree o f overlap o f the diets reflect changes in the current intensity o f the competition for food between N. fodiens and N. anomalus, as well as other shrews co-existing with them around inland waters: Sorex alpinus, S. araneus, S. coronatus, S. m inutus (Spitzenberger 1990) . Therefore, the trophic com petition between N. fodiens and N. anomalus will increase under low availability o f aquatic prey, and it will decrease under high one. Some changes in the overlap o f the diets were observed by Niethammer (1977 Niethammer ( , 1978 . The diet overlap was low under high water level in streams, ie when availability o f aquatic prey was high only for N. fodiens, whereas it was high when water level was lower. The least overlap -24% of aquatic prey in food of N. anomalus and 74% in N. fodiens -was in the year o f the lowest water level. From these results Niethammer (1978) concluded that under low availability of aquatic prey the interspecific competition for food was stronger and N. fodiens displaced N. anomalus into suboptim al places. Unfortunately, the sample size in those investigations was rather small, the analysis o f aquatic prey availability was made only for the last year o f the 3-year-study period, and the analysis o f terrestrial prey availability was not made at all.
If N. anomalus can forage on land very successfully (results o f the present study), why is it that they do not occur far from water (which was clearly demonstrated by Dehnel 1950)? In all terrestrial macrohabitats of Białowieża Primeval Forest, in which N. anomalus, N. fodiens and S. araneus co-exist, S. araneus dominated numerically and N. anomalus were the rarest (Aulak 1970, Z. Pucek, pers. comm.) . High density of S. araneus and their foraging on land suggest that this species is a strong competitor o f N. anomalus (and also o f A. fodiens) for strid e terrestrial prey. This means that the life strategy with wading foraging and exploitation o f food resources occurring in wading zone (ie in shallow water and muddy grounds of banks and wet habitats) is the only vacant trophic niche for N. anomalus, between niches of S. araneus and N. fodiens. In mud, peat and other w et grounds are characterized by the absence of earthworms [(Svendsen 1957 , Standen 1979 cit. in Butterfield et al. 1981] , which are the most important com ponent o f the diet o f S. araneus (eg Churchfleld 1984) , Therefore, these habitats should be avoided by this species during foraging. On the other hand, N. anomalus are usually several tim es less num erous than N. fodiens. This indicates that the niche o f N. anomalus is very narrow and they still undergo a strong pressure by N. fodiens.
There are many areas where N. fodiens and S. araneus co-exist without N. anomalus, despite the fact that these places are within the geographic range and preferred macrohabitats o f N. anomalus. Besides historical reasons, there are at least two possible explanations for this: (1) In these areas the availability o f aquatic prey is low, so N. fodiens forage more in wading zones and on land, and displace N. anom alus from their niche. N. fodiens dominate behaviourally over N. anom alus (K ru sh in sk a and Pucek 1989 , K rushinska and Rychlik 1993 , Krushinska et al. 1994 , so, such a displacement is possible. (2) In these areas the aquatic habitat turns directly into terrestrial habitat, without transitional wading zone (eg deep streams or rivers flowing through meadows). In such conditions S. araneus displace N. anomalus. However, these ideas need verification in future field studies.
Conclusions
(1) These laboratory investigations o f N. anomalus and N. fodiens indicated clear differences in the natural foraging behaviour o f these species.
(2) N. anomalus are unable to forage successfully in deep water, but they forage effectively on land. However, the exploitation o f food resources from the wading zone (shallow water and muddy ground along fresh-water courses and ponds) and the use o f the wading foraging mode seem to be the only vacant niche for this species, between niches of N. fodiens and strid e terrestrial shrews (Fig. 8) .
(3) N. anom alus search for food among roots and lower parts o f plants, as well as dig food out from the ground. They require dense cover of vegetation for successful foraging.
(4) N. fodiens are able to forage successfully and effectively on land, but they display a clear tendency to forage in deep (> 10 cm) water (Fig. 8) , where they capture a great part o f their prey. It seems that during foraging on land N. fodiens do not search intensively for food among terrestrial plants, and the lack o f natural structures and cover disturbs their foraging to a lower degree than in N. anomalus.
(5) Trophic niches o f N. anomalus and N. fodiens may be well separated, allowing syntopic occurence of these two species.
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